Abstract. An analysis of spectral and photometric observations of the novalike TT Ari obtained in the interval 1999-2001 is presented. The photometry in November 1999 shows "positive superhumps" with a period of 0.
Introduction
The novalike (NL) TT Ari is the only superhumper known to replace its "negative superhumps" (P 0. d 1330) with "positive" ones (P sh 0.
d 1492). The replacement was discovered by Skillman et al. (1998) , who predicted an apsidal precession period of 1.
d 76 and absorption lines asymmetry modulated with this period. Kraicheva et al. (1999a) showed that the period change happened between 1996 and 1997, and that in 1998 the star was still in the "positive superhumps" regime. The authors also found that some quantities related to the flickering changed as generally the flickering activity decreased by a factor of 2 during the "positive superhumps" regime.
Spectral observations in "negative superhump" regime (Cowley et al. 1975; Vojkhanskaya 1983; Thorstensen et al. 1985, hereafter TSH; Shafter et al. 1985; Hutchings & Cote 1985; Hutchings et al. 1986) 
have shown that TT Ari
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• , mass ratio q 0.4 and P orb = 0.
d 13755114. The most essential result from the spectroscopy is that the phasing of the emission line radial velocities (RV s) depends on the brightness level as the low state RV s are ∼180
• out of phase with the high state ones. The most reasonable explanation of this seems to be that emission from at least two sources is observed and their relative contribution changes with the brightness of the star.
In this paper we present our spectral and photometric observations of TT Ari obtained from 1999 to 2001. The goal is to investigate the behaviour of the star in the "positive superhumps" state.
Observations and data reduction
The spectral observations of TT Ari were obtained at Rozhen National Astronomical Observatory from January 2000 to January 2001. The Coudé spectrograph of the 2.0-m telescope in combination with a Photometrics 1024 2 CCD camera and 632 lines mm −1 grating was used. This resulted in ∼0.35Å spectral resolution (as measured from the full-width at half maximum (FWHM) of the comparison spectra lines) and a wavelength coverage of ∼200Å. The exposure times varied from 10 to 20 min depending on the seeing and the detector sensitivity in the observed spectral region. The data were reduced in a standard way with bias and night sky spectrum subtraction, flat field corrections, and extraction of the 1D spectra from the 2D images by the optimal method of Horne (1986) . ThAr and FeAr arc lamp spectra were used for wavelength calibration. When long series were obtained, comparison spectra were regularly taken during the night. The rms scatter around the second-order polynomial fits to the arc lines was always <0. 015Å . Some details of the spectral observations are given in Table 1 . Since we were unable to correct for the slit loses, flux standards were not observed and the spectra were only normalised to the continuum. The trailed Hα profiles from the long series, covering at least one orbital cycle are shown in Fig. 1 .
Before or after the spectral observations, measurements in the standard UBV system were obtained, which show that TT Ari was in high state with V 10.9−11.0. In addition, several long B runs were obtained in November 1999, and September and October 2000. A log of the photometric observation is given in Table 2 . Figure 2 shows the long-term light curve of TT Ari (Kraicheva et al. 1999a ; this paper) with the positions of our long spectral series and data used by TSH to determine the orbital ephemeris marked. 
Results

Photometry
The periodogram analysis (Fig. 3; Scargle 1982 ) of the B band series reveals that in 1999 and 2000 the star was still in a "positive superhumps" state. The 2000 runs are short and sparsely distributed, and a precise value of the "positive superhumps" period could not be determined. The strongest peak in the 1999 data periodogram corresponds to a period of ∼0. d 14815, but the accuracy of this value is limited by the short baseline of the observations. The semi-amplitude of the modulations in both data sets is ∼0.06−0.07 mag (as determined by a sinusoidal fitting) and is consistent with the values found in 1997 and 1998 observations (Skillman et al. 1998; Kraicheva et al. 1999a) . We also derived the flickering characteristics: the power spectrum slope γ, the characteristic time scale τ and the standard deviation in the curves after the positive superhumps have been subtracted (see for details Kraicheva et al. 1999b) . It is found that these characteristics (Table 2) are consistent with those determined by Kraicheva et al. (1999a) for the TT Ari "positive superhumps" regime.
Mean emission lines profiles
In the left panel of Fig. 4 are shown the mean Hβ, Hγ and C iii/N iii λ4645 + He ii λ4686 emission lines profiles, and an expanded view of the continuum around Hα. All emission lines are narrow (FWHM 330-400 km s −1 ) and single-peaked suggesting a rather low-inclined system. Hβ and Hγ emission lines are superimposed over broad absorptions, which can be traced up to ∼±2000 km s −1 . These absorptions are believed to originate in the optically thick parts of the accretion disc and are most probably additionally broadened by the pressure effect. We measured their equivalent widths (EW) (negative in our convention) by fitting Gaussians to the parts of the mean profiles which are not affected by the emission core. For both Hβ and Hγ we obtained −2.75Å. The shape of the continuum around Hα suggests a broad, weak and blue-shifted absorption component. Similar features are commonly observed in the UV resonance emission lines of low inclination cataclysmic variables (CV s) and indicate mass outflow from the system (Mauche & Raymont 1997) . Recently such absorptions were also discovered in the optical spectra of some novalikes (BZ Cam -Patterson et al. 1996; Ringwald & Naylor 1998; V751 Cyg -Patterson et al. 2001) . The inspection of the individual spectra immediately reveals the tendency of the absorptions to appear predominantly in orbital phases of 0.4-0.9 (TSH). The absorption component is not seen in all spectra in these phases but it is rather like short-lived (of the order of the exposure time) absorption events, similar to those observed in V751 Cyg. The right panel of Fig. 4 shows August 2000 spectra averaged in 10 phase bins. The vertical scale is expanded in order to see more clearly the blue-shifted absorption. It is seen that the absorption is phase dependent reaching a maximum EW −1Å near phase 0.75. Phase-dependent P-cygni profiles of TT Ari UV emission lines have already been reported by Robinson & Cordova (1994) and our data shows similar behaviour of Hα. While in the UV this is considered as a common feature of the CV s (Drew & Verbunt 1988; Woods et al. 1992 ) only V751 Cyg is known to show this phenomenon in the optical (Patterson et al. 2001) .
It is interesting to note that TSH found a systematic difference in the RV amplitudes of the different Balmer emission lines of TT Ari. The authors showed that this is due to the systematically higher RV s of the lower lines near the minima of the folded curves and pointed out that a blue-shifted absorption, stronger in the lower Balmer lines, could account for this effect. We do see this absorption in Hα, but the Hβ and Hγ spectra are not enough to say if the blue-shifted absorption is present in these lines too.
Besides the blue-shifted absorption, there is an extended emission tail on the red side of Hα. This emission is seen during the whole orbital cycle and seems to be phase-dependent too: it is stronger when the absorption is deeper. Similar red tails in Hα have been reported for three other NLs (MV Lyr - Skillman et al. 1995; BZ Cam and V751 Cyg -Patterson et al. 1996, 2001) as in V751 Cyg the strength of the emission tail also correlates with the absorption.
The analysis that follows was performed after the continuum around the emission lines was fitted and the spectra were normalized to the fits. For Hβ and Hγ this was done by fitting Gaussians to the parts of the profiles which are not affected by the emission core, while the local continuum around Hα and He i λ6678 was approximated by a straight line.
Equivalent widths
The periodogram of Hα EWs in August 2000 spectra ( Fig. 5 lowest panel) reveals a strong modulation with a period of ∼0.
d 1488, i.e. close to the "positive superhumps" period in the photometric light curves. If the period of this modulation does not change significantly during the interval of the observations and if we assume that the EWs of all the Balmer lines vary in phase, the period can be more precisely determined by applying the TSH technique used to refine the TT Ari orbital ephemeris. Briefly, if the data are considered as consisting of several segments, for the correct value of the period the EWs in all segments have to vary in phase. In practice, the data are folded over a fine grid of periods and the phase of the modulation in each data segment is determined by a sinusoidal fitting. The best period is that for which the rms of the phases around the mean is least. The data in January 2000 do not show well-defined EW modulation and were not analysed. Thus, the EWs were divided into three groups, Table 3 . The corresponding errors come from the fitting program. For some emission lines the semi-amplitude is not given because the data are not sufficient to follow the modulation. In these cases the error of the mean value is ±1σ. The period derived above is based on data obtained over an interval of six months and covering many cycles, and hence it is more accurate than that determined from the photometry (Sect. 3.1). Because of this, in the following analysis we have accepted that the "positive superhumps" period in 2000 is 0.
d 148815. Moreover, it is known that most of the permanent "positive superhumpers" show long-term period variations (Patterson 1999) and we have no guarantee that the period in 2000 coincides with that in 1999.
It can be expected that the continuum light and the emission lines EWs are modulated with the same period. Folding of the 2000 season B runs with the 0.
d 148815 period shows that this is indeed the case. The folded light curve averaged in 10 phase bins is shown in Fig. 5 . It is seen that the EWs and B continuum are almost exactly anti-phased. This behaviour is expected if the EW modulation is due to variations only in the continuum or if the continuum and line fluxes vary in phase but the continuum is more strongly modulated. If this is the case, however, the relative amplitude of the EW modulation will be equal or less than that of the continuum. Our data show the opposite -the relative semi-amplitudes of the EW modulations are higher than that of the B continuum, which is ∆F c /F c 0.065. Therefore, the emission lines fluxes have to vary in anti-phase with the continuum. We note that the relative amplitude of the EW modulations increases toward the higher lines. It is assumed here that the continuum around Hα/He i λ6678 is modulated by the same degree as the B continuum.
The data given in Table 3 suggest that the Hα and He i λ6678 EWs in November 2000-January 2001 are ∼8% higher. Our data are not spectrophotometric and the absolute line fluxes are uncertain. We can however use UBV photometry to constrain the continuum flux at different wavelengths. This gives a flat Balmer decrement, suggesting an emission from optically thick gas, and F (He ii λ4686)/F (Hβ) 0.3, a value typical for NLs (Vojkhanskaya 1987) . It is also interesting to note that the ratio of the C iii/N iii λ4645 blend and He ii λ4686 fluxes seems to be state dependent: greater than unity in high state (Cowley et al. 1975 ; this work) and less than unity in intermediate state (Hutchings & Cote 1985) .
Radial velocities
The emission lines RV s were measured by the doubleGaussian technique of Schneider & Young (1980) as refined by Shafter (1983) . Gaussians with σ = 1Å were used and the optimal separation was determined from the diagnostic diagrams (not shown) obtained with the known orbital period of TT Ari. For Hα, Hβ and He i λ6678 the optimal separation was the point just before the relative scatter around the folded curve sine fit starts to increase. As we have only nine Hγ spectra, in this case the optimal separation was a compromise between the RV s amplitude and the relative scatter. With the separations used, 730, 620, 430 and 360 km s −1 for Hα, Hβ, Hγ and He i λ6678, respectively, we measure the RV s of the line wings, which are thought to arise close to the white dwarf (WD) and are more or less expected to give an estimation of its true dynamic motion. In most CV s the presence of asymmetric sources of emission, such as the bright spot, affects the RV s and they do not follow the WD motion. The trailed Hα profiles (Fig. 1 ) and single-trailed Hα profile (Fig. 10 ) of TT Ari suggest the presence of a high velocity s-wave in the line wings. Figure 10 also shows that He i λ6678 emission line is dominated by two anti-phased s-waves. Since we actually measure the line wings RV s, these swaves can affect significantly both amplitude and phase of the RV curve. Thus, the RV amplitudes we obtained are probably strongly biased and cannot be used for system parameters determination. The RV s folded with TSH ephemeris show that the inferior conjunction is not at zero phase as it should be, but is at φ 0.6 (that of He i λ6678 RV s comes later at φ 0.67). As our data are ∼22 yr away from the initial epoch of TSH ephemeris, such a displacement could be generally caused by secular period changes or/and by using a slightly incorrect ephemeris. To accumulate almost half a cycle O-C residuals for 22 yr requires a very high rate of period change. This is physically unreasonable and we will not discuss it anymore. Thus, we reanalysed all published high state RV s in order to derive a new ephemeris of TT Ari. Figure 6 shows the phase coherence index (TSH) and the periodogram in the vicinity of the expected frequency. The phase coherence index was calculated as the RV s were divided in eight data segments. Both periodogram analyses indicate a slightly shorter period of 0.
d 137550367. To check the consistency we have folded the RV s in each segment with this period and found that the phase in one of the segments, that obtained in JD 2444843-935, significantly deviates from the others. The inspection of the TT Ari long-term light curve (Fig. 2b) shows that this data set was obtained between the only known low state of TT Ari (∼16 mag) and the preceding intermediate state. The observations were obtained in a moment when the star was bright but still ∼0.5 mag fainter than its usual high state magnitude. TT Ari has been known to show a state dependent phase of its RV s (Hutchings et al. 1986 ) and therefore a slightly different phase in these data might be expected. Since the observations in question are a significant part of the whole data set used by TSH and since the phase coherence index is sensitive to such phase variations, it is possible that the obtained period is slightly incorrect. Note also that the RV s amplitude of Hβ in this data set is by a factor of 2 lower than that in the other TSH high state data (22 and 54 km s −1 ), which probably indicates that the star is not in the same state. In addition, there are small phase offsets still remaining in the TSH data relative to their ephemeris. The authors discussed them as a result of phase variations due to changes in the relative contribution of the different emission sources. We notice that these phase offsets could be produced if the phase is different in one of the data sets only. Of course there is no doubt that TSH ephemeris is the best in the sense of describing the particular data set analysed, but it can still be biased as discussed above.
We thus repeated the analysis excluding the data discussed above and obtained the following ephemeris which describes the times of superior conjunction:
T 0 = 2 451 800.39563(385) + 0.137550367(35)E.
(
The RV s (including those obtained in intermediate and low state) were folded with this ephemeris and fitted with the equation Hutchings et al. (1986) and Shafter et al. (1985) have only given the moments of RV s extrema and inferior conjunction, respectively, and we converted them into phases). The resulting parameters are given in Cols. 4-7 of Table 4 and our observations phased with Eq.
(1) are shown in Fig. 7 . It is seen that except for the TSH data discussed above (labeled as TSH (II) in Table 4 ) and to some extent the He i λ6678 RV s, the high state RV s are well represented by Eq. (1). The phase offset of TSH (II) data is +0.147 and seems to follow the "magnitude-RV s phase" relation established by Hutchings & Cote (1985) . As we will see in Sect. 3.7, our RV s probably do not follow the WD motion and hence the ephemeris derived above is also biased. However, we have used it in the following analysis because it puts the superior conjunction of our data at zero phase. Besides, we note that the two periods differ by only 0.067 s and which of them is used has no effect on the results.
Hα asymmetry
A closer inspection of the spectra reveals that apart from the Hα asymmetry variations on orbital time scale there are night-to-night changes; during a given night the blue or red part of the line remains stronger. To demonstrate this we measured the wavelengths which separate the emission lines in two parts of equal flux. The corresponding RV s for August 2000 and January 2001 data are shown in the upper panel of Fig. 8 . The idea that the distorted velocity field in a precessing, eccentric accretion disc has to produce emission lines whose asymmetry is modulated with the precession period was introduced by Hessman et al. (1992) . Patterson et al. (1993) observed this effect in the absorption lines of the helium-reach CV AM CVn and supposed that emission lines of the CV s with precessing, eccentric discs should have similar behaviour. If the accretion disc precesses in inertial coordinate system with period P prec , then the "positive superhumps" period P sh is given by:
With P orb = 0. d 137550367 and P sh = 0. d 148815, the expected precession period is 1.
d 81715. The data are sparsely distributed and are not very suitable for a direct periodicity search. Because of this we only checked if they could be fitted with the precession period. The best fit is shown in Fig. 8 and it describes the data fairly well. The lower panel of Fig. 8 shows the folded curve. The filled circles and the triangles are August 2000 and January 2001 data, respectively. This result suggests that the "positive superhumps" in TT Ari are generated by a precessing, eccentric accretion disc and that the precession period was stable from August 2000 to January 2001. The attempt to fit the whole data set (including the spectra taken in January 2000) failed as the January 2000 data are not fitted. This is not unexpected because the photometric studies have shown that the TT Ari "positive superhumps" period is not very stable and dances around a mean value of ∼0. d 149, which is most probably due to variations of the precession period.
FWHM of Hα emission line
The FWHM of Hα was measured after the spectra were convolved with a Gaussian with σ = 0.5Å and interpolation between the spectral points. The periodogram of the FWHMs of Hα in August 2000 spectra is shown in the lower panel of Fig. 9 . In spite of the complexity introduced by the strong 1-day aliases, three peaks are identified. They correspond to the "positive superhumps" period, orbital period and its first harmonic. The sinusoidal fit with these periods is shown with the solid line in the upper panels of Fig. 9 . To explain the FWHM modulation with the "positive superhumps" period one has to assume that Hα is composed by at least two components whose fluxes vary with this period, but have different fractional amplitudes (or one of them remains constant). Modulations of the FWHM of an emission line with the first harmonic of the orbital period can be introduced by a s-wave moving twice per orbital cycle across the line. A comparison between the trailed spectra and Fig. 9 shows that Hα is widest at the phases when the s-wave in the line wings is maximally blue or red shifted (0.35 and 0.85). This phasing strongly suggests that the s-wave is responsible for the observed modulation. The most puzzling observation is the modulation with the orbital period. As it is not detected in the EWs, its appearance in the FWHM is somewhat unexpected and the corresponding peak could be the first sub-harmonic of the P orb /2 period. Figure 9 shows, however, that the maxima of the Hα FWHM around phase 0.35 are generally greater than those around phase 0.85. This asymmetry is also seen in the single-trailed spectrum (upper left panel of Fig. 10 ) and probably this is the cause for the appearance of the peak in the periodogram. If two parts of Hα are modulated with P orb but vary in anti-phase and have nearly equal fluxes, then the EWs will remain constant while the FWHM will be modulated. Although this seems to be a reasonable explanation, Hα is not well resolved by components and the two sources could not be unambiguously identified. 
Doppler tomography
The Doppler tomograms of Hα, Hβ and He i λ6678 emission lines were calculated from the spectra taken from August 2000 to January 2001. We used the Fourier-filtered back-projection method (Marsh & Horne 1988; Horne 1991) . In Fig. 10 from top to bottom are shown the trailed spectra, the tomograms and the calculated from them trailed spectra. For velocities greater than ∼300 km s −1 the tomograms consist of nothing but noise and because of this they are shown up to ∼350 km s −1 only.
The tomograms of TT Ari have to be interpreted cautiously because some of the basic assumptions of Doppler tomography are obviously violated. First, the line flux is not constant but varies with the "positive superhumps" period and second, due to the accretion disc precession the emission lines asymmetry is modulated with the precessional period. Since the superhumps period is ∼8.2% longer than the orbital the extrema of the emission line flux come ∼0.6P orb later each night. In this case observations on consecutive nights, as most of ours are, can ensure a correct reconstruction of the mean flux.
The second problem is more serious and an incomplete precession cycle coverage could introduce suspicious structures in tomograms. Observations covering many orbits and well distributed over the precession cycle can help in obtaining artifact-free tomograms, but the eccentric disc shape could not be reconstructed. The eccentric shape of the disc will be axially smoothed and the resulting tomograms are expected to be axisymmetric.
The comparison between the observed and the backprojected from the calculated tomograms trailed spectra shows that the main features (the s-waves) are fairly well reconstructed. Most of the He i λ6678 emission comes from two sites located on the opposite sides of system center of masses. That at (V x , V y ) (+30, +50) km s −1 has an amplitude of ∼55 km s −1 and is confined in a narrow velocity interval. Emission from the secondary is often observed in CV s and the properties of the spot suggest that it most probably arises there by reprocessing the hard radiation of the WD and inner hot parts of the accretion disc. The spot is displaced from +V y axis and to put the secondary inner hemisphere over the spot requires i 15
• and a rotation clockwise by ∼0.1 cycles (we use q = 0.4). The different system elements are plotted in Fig. 10 assuming these values. Using high resolution Hα spectra in the low state, Shafter et al. (1985) measured velocity amplitude of the secondary to be ∼90 km s −1 . This value is ∼60% higher than ours and we have no explanation of this discrepancy. The second emission site in the He i λ6678 tomogram has an arc/ring shape, sub-Keplerian velocities and is extended ∼180
• along the azimuth. Moving in antiphase with the secondary, it could be associated with the back side of the disc. It is worth mentioning that emission from the hot spot is not seen in He i λ6678.
A significant part of the emission in Hα comes from gas with sub-Keplerian velocities. There is also a weak circular emission which can be seen up to ∼280-300 km s −1 . In the asymmetric image (Fig. 11) this emission component is not seen showing that it is centered on the WD and thus most probably arises in the accretion disc. The presence of the high velocity s-wave in the line wings results in an asymmetric tomogram elongated along the line connecting the two stars. This is better seen in the asymmetric Hα image where an enhanced emission from the (+V x , +V y ) quadrant is clearly detected. There are also two other asymmetric sources of emission. One of them can be associated with the hot spot if it is assumed that the accretion disc fills the WD Roche lobe. The other one has low velocity and is centered at (V x , V y ) (−10, +30).
To examine which parts of Hα and He i λ6678 emission lines are involved in the emission lines flux variations we calculated Doppler maps from the spectra covering 0.4 of the "positive superhumps" cycle around the EWs maxima and minima. Since the "positive superhumps" and orbital periods are different, the spectra in the two sets cover well the orbital cycle. It turned out that Hα asymmetry introduced strong artifacts in the tomograms because not all orbital and precessional phases are equally covered. To avoid this we corrected the Hα profiles in the following way. The mean profile for each run was calculated and the spectra were divided by it. Then each spectrum was multiplied by the mean profile determined from all spectra. Figure 12 shows the resulting tomograms as the intensity scale is the same for the minimum and maximum EWs images. We have also computed the Hα tomogram (not shown) from all corrected spectra. It is identical with that calculated from the row spectra suggesting that artifacts are probably not introduced by the applied correction. Moreover, the Hα tomograms shown in Fig. 12 are very similar to the original one (Fig. 10) . The He i λ6678 tomograms show that the emission from the secondary remains relatively constant and that the other emission source is responsible for the He i λ6678 flux variations. The most apparent difference between the Hα tomograms in minimum and maximum EWs is that in the latter one the low velocity emission at (V x , V y ) (−10, +30) and the hot spot are both stronger. Besides, the hot spot emission seems to be biased toward higher velocities. The shape of the high velocity asymmetric emission also changes, being more extended toward low velocities in the EWs maximum. Thus, the analysis shows that all asymmetric sources of emission are involved in Hα flux modulations.
The most apparent feature of the Hβ tomogram is the emission from the expected position of the secondary and in this aspect it is similar to that of He i λ6678. The remaining part of the Hβ emission has a sub-Keplerian velocity similarly to Hα. Note however that the Hβ tomogram is calculated from small number of spectra and probably suffers from artifacts. Because of this we will not discuss it anymore.
Discussion
"Positive superhumps" observed in SU UMa stars during superoutbursts and in some NLs are believed to be a result of slow precessing under the gravitational perturbation of the secondary eccentric accretion discs. Although our results support this model for TT Ari superhumps, there are still some problems. It has been shown that non-axisymmetric discs in CV s are formed under the action of the 3:1 resonance, i.e. when the Keplerian period at the outer disc edge is three times shorter than the orbital (Lubow 1991; Whitehurst 1988; Murray 1998 ). The 3:1 resonance can be reached only in systems with q ≤ 0.3. The mass ratio of TT Ari determined from the spectroscopy is 0.4 (Cowley et al. 1975 ) and the same value is obtained by applying (q) relation for the "positive superhumps". Thus, TT Ari is not expected to show "positive superhumps". Recent numerical simulations of Murray et al. (2000) have shown, however, that a sudden reduction of the mass transfer rate by a factor of 2 results in an expansion of the accretion disc and it almost fills the WD Roche lobe. If such an expansion takes place in a system with q 0.33, the outer disc edge could eventually reach the 3:1 resonance and Murray et al. (2000) supposed that this mechanism could operate in the VY Scl novalikes, which show low states. The long-term UBV light curve of TT Ari is shown in Fig. 2a as the dashed vertical line roughly marks the epoch when the system started displaying "positive superhumps". It is seen that after this moment the system is fainter by ∼0.3 mag in B, a value consistent with a reduction of the mass transfer rate of approximately two. If accretion discs in systems with q 0.4 also respond to mass transfer rate reductions with an expansion, then it can be expected that the accretion disc in TT Ari is large and almost fills the WD Roche lobe. The estimations show that if Keplerian frequency at r d 0.95R RL is reduced by ∼10−15%, the outer disc edge will be in 3:1 resonance with the orbital period. The mechanism that can force the matter to rotate slower is not clear; however the tidal influence of the secondary could do the job.
TT Ari is a non-eclipsing binary and it is difficult to obtain the system parameters accurately. In low-inclined systems such as TT Ari the RV s amplitude is expected to be rather low and less than the low-to-intermediate resolution of the spectra generally used in CV s studies. Besides, the RV s of NLs are known to be strongly biased by additional s-waves and do not represent the true dynamic motion of the WD. Thus, the possibility that the mass ratio of TT Ari is not accurately determined cannot be ruled out and it could actually be ∼0.33. In this case the reduction of Keplerian frequency at the outer disc edge is not needed to reach the 3:1 resonance and only the mechanism proposed by Murray et al. (2000) could be responsible for the observed "positive superhumps".
There are two types of "positive superhumps" in SU UMa dwarf novae: "normal" and "late". Both of them have nearly equal periods but the modulations are antiphased. "Normal superhumps" are observed during the superoutbursts maxima when the disc is large, hot and optically thick, while the "late" ones appear during the very late stages of superoutburst when the system becomes fainter by roughly 1-1.5 mag. The "normal superhumps" most likely originate in the elongated outer part of the disc, which is additionally heated by the extra tidal stress from the secondary. They reach a maximum then the elongated part of the disc points to the secondary. On the other hand "late superhumps" are produced by a modulation of the hot spot emission and are observed when the accretion disc luminosity fades and the spot can be seen. The "late superhumps" reach their maxima when the elongated part of the disc points away from the secondary, i.e. when the gas in the stream hits the more dense part of the disc thus giving rise to the hot spot contribution (Hessman et al. 1992 ). The presence of broad underlying absorptions in the higher Balmer lines of TT Ari shows that the accretion disc is in a hot and optically thick state and therefore "normal" superhumps are expected. However, Rolfe et al. (2000) found that the superhumps in the eclipsing novalike V348 Pup are consistent with a hot spot origin, which suggests that the "late superhumps" can be observed in some high mass transfer systems.
To first-order approximation both the accretion disc and hot spot luminosities in a steady accretor are proportional to the mass transfer rate. Therefore, their ratio is expected to be nearly constant for all systems in a steady accretion regime. However, steady accretion discs in NLs are optically thick and the combined action of limb darkening and foreshortening is expected to significantly reduce the contribution of the disc to the total luminosity of a high-inclined NL. This allows the hot spot to become more visible and indeed, in a study of six eclipsing NLs by the eclipse mapping method (Horne 1985) , Rutten et al. (1992) found hot spots contributing up to 13% of the total system light. Thus, a modulation of the hot spot emission can produce superhumps. At lower inclinations the accretion disc becomes very bright and the contribution of the spot should be highly reduced (in addition, if a simple model in which the hot spot light is emitted from a perpendicular to the orbital plane area is assumed, in low inclination systems the spot will be foreshortened and will contribute even less). Therefore, it is questionable if the hot spot in a low inclination system, such as TT Ari, can produce superhumps with a full amplitude of ∼0.13−0.14 mag. A modulation of the spot luminosity can however produce weak superhumps and an evidence for this is found in the numerical simulations. The pseudo-light curves extracted from the simulations of Murray (1996) show strong "normal superhumps" plus weak secondary humps arising from the hot spot and placed in the minima of the main wave. Kraicheva et al. (1999a) pointed out the presence of such secondary, low amplitude humps in some of the minima of the TT Ari light curves. We see this feature in some of our B runs too. Therefore, the weak secondary humps seen in the light curves of TT Ari could be "late superhumps".
The identification of the emission of the secondary in He i λ6678 Doppler tomogram provides us with the opportunity to secure the absolute phasing of TT Ari RV s, at least at the time of our observations. Figure 10 shows that the tomogram is rotated by ∼0.1 cycles clockwise, which implies that the absolute superior conjunction is at phase +0.1. Starting from Eq. (1) (3) is better. Apart from the phase offset of TSH (II) RV s, another potential problem of both our ephemerides is that the superior conjunction of the low state RV s is not exactly at phase 0.5. We do not consider this so worrisome because the emission lines in TT Ari low state are not pure emission from the secondary (Shafter et al. 1985) and hence can also be biased. The Doppler tomograms of TT Ari Hα and He i λ6678 emission lines (Fig. 10) are quite different and this is rather surprising since both lines are low excitation ones. The s-waves corresponding to the main asymmetric sources of emission in Hα and He i λ6678 are anti-phased and therefore their sources are on the opposite sides of the system center of masses. Thus, the question is why the s-wave seen in He i λ6678 does not appear in Hα and the opposite. To our knowledge there are no other CV s showing similar behaviour and in the absence of theoretical models we will only outline the possible models that could explain He i λ6678 and Hα tomograms separately.
The asymmetric emission in He i λ6678 tomogram has low, sub-Keplerian velocities. If the accretion disc in TT Ari fills the WD Roche lobe and its outer edge rotates with sub-Keplerian velocity, as was already discussed, then this arc-shaped emission could be associated with the outer disc rim. Hoard et al. (1998) developed a model in which a thick, asymmetric bulge, formed far along the disc rim by the stream/disc impact is responsible for the peculiarities observed in SW Sex novalikes (SW Sex phenomenon was recently reviewed by Hellier 2000) . The bulge is illuminated by the hard radiation of the inner disc and the WD, and an enhanced emission from it is observed (a similar model is also accepted in the modeling of the super soft X-ray sources by Meyer-Hofmeister et al. 1997) . The other models of SW Sex stars (Hellier 1998; Horne 1999) could not be ruled out; however note that they predict emission from sites with somewhat higher velocities than observed in TT Ari. Another possibility is TT Ari to be an intermediate polar. The Doppler tomograms of the intermediate polar RX J0558+53 Harlaftis & Horne 1999 ) are almost identical with the He i λ6678 tomogram of TT Ari. Harlaftis & Horne (1999) supposed that the acr-shaped emission component could be a result of the impact between the part of the stream overflowing the disc (Lubow 1989 ) and the magnetosphere of the WD. The shocked, emitting gas moves with the rotational velocity of the magnetosphere and gives the relatively low-velocity arc-shaped structure in the Doppler image.
The most interesting feature in the Hα tomogram is its asymmetric shape, a result from the high velocity s-wave which is permanently present in the spectra (Fig. 1) . The only system component moving with the velocity of the asymmetric emission is the accretion disc. Thus, this emission component most probably arises there. The mechanism that can produce it however is rather uncertain. A possible explanation might be the spiral shocks recently detected during the outbursts of some dwarf novae (Steeghs 2000 and references therein) . Both the simulations and observations show however that spirals are formed always in pairs and while the asymmetric emission observed in TT Ari Hα tomogram coincides with one of them, the absence of the other cannot be easily explained. Note also that the asymmetric emission could account for the observed phase-dependent P-cygni profile of Hα. According to our new ephemerides the blue-shifted absorption is strongest at phases ∼0. 5-0.6 . If the wind in TT Ari is strongly collimated, then the outflowing gas will be projected over the asymmetric structure only around these phases, as observed.
The analysis shows that the spectral behaviour of TT Ari in the "positive superhumps" regime is very complex. Doppler tomograms of Hα and He i λ6678 lines reveal several asymmetric emission sources. The s-waves corresponding to these asymmetric emission components are really presented in the data (Fig. 10) and could be explained in several ways. Since Hα and He i λ6678 images are very different, it is not easy to find a single model which is able to explain both of them. Such a modeling is out of the scope of this paper and we have only outlined the models which could explain the Hα and He i λ6678 Doppler tomograms separately. Probably the mechanism responsible for the peculiarities observed in TT Ari is a complex combination between some of the models mentioned above. We note however that the situation is most likely highly complicated by the presence of a precessing, eccentric accretion disc. Certainly, observations of more emission lines (including higher excitation ones such as He ii λ4686) with good S/N , and spectral and time resolution are needed in order to clarify the situation.
